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ISO LA TIO N  AND ID E N T IF IC A T IO N  O F  FL A V O N O ID  CO M PO U ND S IN 
C O T T O N S E E D  BY P A P E R  C H R O M A TO G R A PH Y
C H A P T E R  I 
IN TR O D U C TIO N
In  s tu d ie s  of f lav o n o id  c o m p o u n d s  in  n a t u r a l  p r o d u c t s  w h e re  the 
q u a n t i ty  of any  one p a r t i c u l a r  co m p o u n d  i s  v e r y  s m a l l ,  p a p e r  c h r o m a ­
to g ra p h y  h a s  b e c o m e  a n  e x t r e m e l y  u s e fu l  to o l  in  bo th  i s o l a t i o n  and  
a n a l y s e s .  ' T he  w o rk  r e p o r t e d  h e r e  i s  a n  e x a m p le  of the  i m p o r t a n t  
a p p l ic a t io n  of p a p e r  c h r o m a to g r a p h y  to i s o l a t i o n  a n d  id e n t i f i c a t io n  of 
f la v o n o id  c o m p o u n d s  in  c o t to n s e e d .
In  the  e a r l y  1 8 9 0 's  P e r k i n s  (1) d id  e x te n s iv e  w o rk  on the  f la v o n o id s  
of c o t to n  f l o w e r s .  A m ong  the  c o m p o u n d s  he  i s o l a t e d  w e r e  g o s s y p e t in  
( 3 , 5 , 7 ,  8 , 3 ' , 4 '  - h e x a h y d ro x y  f lavone) an d  i t s  g lu c o s id e ,  g o s s y p i t r i n ,  
q u e r c e t in  (3 , 5 , 7, 3 ' , 4 '  - p e n ta h y d ro x y  f l a v o n e ) , q u e r c i m e r i t r i n  (7 -  
g l u c o s y l - q u e r c e t i n ) , q u e r c i t r i n  ( 3 - r h a m n o s y l  q u e r c e t in ) ,  an d  i s o q u e r -  
c i t r i n  ( 3 - g lu c o s y l  q u e r c e t in ) .  T hough  t h e r e  i s  no r u le  a s  y e t  by  w h ic h  
the  e x i s t e n c e  of th e s e  c o m p o u n d s  in  a  s p e c i f ic  p a r t  of a p la n t  c a n  be 
p r e d i c t e d  w ith  an y  c e r t a i n t y ,  i t  w a s  b e l ie v e d  th a t  a t  l e a s t  s o m e  of the  
c o m p o u n d s  o c c u r r i n g  in  the  f lo v /e r s  w ou ld  be  found in  th e  s e e d ,  e i t h e r  
a s  the s a m e  c o m p o u n d s  o r  a s  d e r i v a t i v e s  of th e m .
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Q U E R C E T IN
K A E M P F E R O L
R = H and  R' = OH 
R = H an d  R' = H
C H A P T E R  II 
E X P E R IM E N T A L
I s o la t io n  of K a e m p f e r o l - 3 - r h a m n o g I u c o s id e  and 
Q u e r c e t i n - 3 -g lu c o s y lg lu c o  side
F iv e  k i l o g r a m s  of m e c h a n ic a l ly  d e l in te d  c o t to n s e e d  w e re  c r u s h e d  
w ith  a W a r in g  b le n d o r  and e x t r a c te d  w ith  85% is o p ro p y l  a lc o h o l -w a te r  
s o lu t io n  un ti l  the s o lv e n t  in  c o n ta c t  w ith  the seed  w as  a l m o s t  c o l o r l e s s .  
T he e x t r a c t  w a s  c o n c e n t r a t e d  u n d e r  r e d u c e d  p r e s s u r e  to one - te n th  the 
o r ig in a l  v o lu m e  (to a b o u t  2 l i t e r s ) .  T h is  w as  w ash ed  w ith  an  eq u a l  
v o lu m e  of w a te r  and  a l lo w ed  to s tan d  in  the  s e p a r a t o r y  fu n n e l  a few 
h o u r s  (2 -5  h o u r s ) .  T he  o il s e p a r a t e d  a s  the u p p e r  l a y e r .  The lo w er  
a q u e o u s  l a y e r  w a s  w i th d ra w n ,  and  the  o il  w a s  w a s h e d  a seco n d  t im e  
w ith  w a t e r .  T h is  p r o c e s s  of w ash in g  w a s  r e p e a te d  until  the  w a s h in g s  
w e r e  c o l o r l e s s  ( u s u a l ly  4 t i m e s ) .  T he  w a s h in g s  w e r e  c o m b in e d  and  
e v a p o r a te d  u n d e r  r e d u c e d  p r e s s u r e  to  a v o lu m e  of 400 -500  m l .  T h is  
c o m b in e d  c o n c e n t r a te  i s  h e r e a f t e r  r e f e r r e d  to  a s  the  c o n c e n t r a te d  
e x t r a c t .
T he  c o n c e n t r a t e d  e x t r a c t  w a s  s t r e a k e d ,  w ith  a m e d ic in e  d r  « p e r , 
on  18 X 22 1 /2  in .  W h a tm a n  N o.' 3MM r e c t a n g u l a r  f i l t e r  p a p e r ,  3 in c h e s  
f r o m  the  top of the  p a p e r  and  d r i e d  w ith  ho t a i r  f r o m  a h a i r d r y e r .
The p a p e r s  w e r e  p la c e d  in  c h r o m a to g r a p h y  c h a m b e r s  and  d e v e lo p ed  
12-16  h o u r s  in  the  s o lv e n t  s y s t e m  n - b u ty l  a l c o h o l - a c e t i c  a c i d - w a te r
3
( 6 : l ; Z v / v ) .  T he  p a p e r s  w e r e  r e m o v e d  f r o m  the  c h a m b e r s  o r  ta n k s  
and a l lo w ed  to d r y  a t  r o o m  t e m p e r a t u r e .  T h r e e  m a in  z o n e s  a p p e a r e d  
on the d r i e d  c h r o m a t o g r a m s .  T h ey  w e r e  la b e le d  1, 2 , and  3. See 
F i g u r e  2 . Z one  1 h ad  the s m a l l e s t  v a lu e  and  Z one  3, the l a r g e s t .
Z one  3 w a s  c u t ,  and  th e n  sew ed  on new s h e e ts  of W h a tm a n  No.
3MM f i l t e r  p a p e r ,  18 x  22 1 /2  in .  , 3 in c h e s  f r o m  the top of the s h e e t .  
T he  p a p e r  b a c k  of the  sew ed  s t r i p  w a s  r e m o v e d .  A f te r  new s h e e t s  c o n ­
ta in in g  zone 3 w e r e  d e v e lo p e d  in  a 15% a c e t ic  a c i d - w a te r  s o lv e n t  s y s t e m  
fo r  5 -6  h o u r s ,  two z o n e s  la b e le d  3A and  3B w e r e  s e e n .  3A w a s  the 
zone w h ic h  had  b e e n  p r e v io u s ly  found to  c o n ta in  i s o q u e r c i t r i n  (2) and  
3B w as  the zone of h ig h e r  R f .
In  o r d e r  to id e n t i fy  the f lav o n o id  co m p o u n d  p r e s e n t  in  zone 3 B , the 
zone w a s  cu t  and  sew ed  on new s h e e ts  of W h a tm a n  3MM f i l t e r  p a p e r  and  
d e v e lo p ed  a s e c o n d  t im e  in  the  15% a c e t ic  a c i d - w a te r  s o lv e n t .  Two 
z o n e s  now a p p e a r e d  and  w e r e  la b e le d  3B -1  and  3 B -2 .  3B -1  had  the
s m a l l e r  R f  v a lu e  and a p p e a r e d  to  be id e n t ic a l  w ith  3A. I t  w a s  t h e r e f o r e  
r e m o v e d  a s  an  im p u r i ty ,  and  3 B -2  w a s  in v e s t ig a te d .
Z one  3 B -2  w as  cu t  and  sew ed  on new  p a p e r  and  d e v e lo p e d  a g a in  in  
the  15% a c e t ic  a c i d - w a t e r  s y s t e m .  T h is  t im e  only  one zone  a p p e a r e d  
(3 B -2 A ).  Z one  3B -2 A  w a s  c u t  and  sew ed  on new  s h e e t s  of p a p e r  and  
d ev e lo p ed  14-18  h o u r s  in  the n - b u ty l  a l c o h o l - a c e t i c  a c i d - w a t e r  s y s t e m .  
Two z o n e s  now a p p e a r e d  and  w e r e  la b e le d  3 B -2 A -1  an d  3 B -2 A -2 .
E a c h  of th e s e  z o n e s  w a s  cu t  and  sew ed  on new  p a p e r s  and  e a c h  w a s
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IB-IB BAW (6 :1 :2 ) 
IB-IC
Acid (3 :1 :0 :1 )
d e v e lo p e d  once  m o r e  in  n - b u t y l  a l c o h o l - a c e t i c  a c i d - w a te r  » E a c h  zone 
now a p p e a r e d  to  c o n ta in  only  one co m p o u n d .
C h r o m a to g r a p h ic  C o m p a r i s o n  of the  G ly c o s id e s  
The co m p o u n d  " 3 B - 2 A - 2 ' ’ w a s  c o m p a r e d  by  p a p e r  c h r o m a to g r a p h y  
w i th  a u th e n t ic  s a m p l e s  of the  fo llow ing  g ly c o s id e s :  r u t i n ,  q u e r c i t r i n ,
i s o q u e r c i t r i n ,  an d  k a e m p f e r o l - 3 - r h a m n o g l u c o s i d e .  The v a lu e s  of 
t h e s e  g ly c o s id e s  in  f o u r  d i f f e r e n t  s o lv e n t  s y s t e m s  u s in g  W h a tm a n  N o. 1 
f i l t e r  p a p e r ,  a r e  g iv e n  in  T a b le  1.
T he  R£ v a lu e s  in d ic a te  th a t  " 3 B - 2 A - 2 "  i s  n o t  r u t i n ,  q u e r c i t r i n ,  o r  
i s o q u e r c i t r i n ,  an d  th a t  i t  i s  c h r o m a to g r a p h ic  a l ly  id e n t ic a l  in  the  so lv en t  
s y s t e m s  u s e d  w ith  k a e m p f e r o l - 3 - r h a m n o g l u c o s i d e .  " 3 B - 2 A - 1 "  i s  not
an y  of t h e s e  c o m p o u n d s .
F o r  f u r t h e r  c o n f i r m a t io n  of the  id e n t i ty  of " 3 B - 2 A - 2 " ,  a  spo t  of 
k a e m p f e r o l - 3 - r h a m n o g l u c o s id e  w a s  p la c e d  in  th e  u p p e r  l e f t - h a n d  
c o r n e r ,  a b o u t  8 c m .  f r o m  e i th e r  edge of a  s h e e t  of W h a tm a n  N o, 1 
f i l t e r  p a p e r . A sp o t of " 3 B - 2 A - 2 "  w a s  s u p e r im p o s e d  on the  k a e m p f e r o l  
g ly c o s id e  s p o t ,  an d  w h e n  the  m ix e d  sp o t  w a s  d r y ,  the  c h r o m a to g r a m  
w a s  d e v e lo p e d  in  one d i r e c t i o n  in  the  n - b u t y l  a l c o h o l - a c e t i c  a c i d - w a te r  
s y s t e m .  T h e  c h r o m a t o g r a m  w a s  r e m o v e d  f r o m  the  ta n k  and  a i r  d r i e d .
I t  w a s  th e n  d e v e lo p e d  in  a  d i r e c t i o n  p e r p e n d i c u l a r  to  the  f i r s t  d i r e c t io n  
in  15% a c e t i c  a c i d - w a t e r  s o lv e n t  s y s t e m .
T he d r i e d  tw o - d im e n s io n a l  c h r o m a to g r a m  w a s  s p r a y e d  w ith  
a lu m in u m  c h lo r id e  (1% in  m e th a n o l ) ,  and  th e n  e x a m in e d  u n d e r
T A B L E  I
Rf V a lu e s  of I s o l a t e d  C o m p o u n d s  and  K now n S ta n d a rd s
S o lv e n t  S y s te m  S3-
C o m p o u n d  ___________ ____________________
(1) (2) (3) (4)
I s o q u e r c i t r i n 0 .6 8 0 .4 8 0 .6 9 0. 89
Q u e r c i t r i n 0 .8 0 0 .5 8 0 .7 5 0. 95
R u t in 0 .5 1 0 .6 0 0 ,7 1 0. 88
" 3 B - 2 A - 1 " 0 .5 9 0 .6 7 0 .7 6 0. 91
K a e m p f e r o l -  3- rh a m n o g lu c o s id e 0 .6 0 0 .7 9 0 . 80 0 , 93
" 3 B - 2 A - 2 " 0 .6 0 0. 80 0 .8 0 0. 92
Q u e r c e t in 0 .7 7 0 .0 7 0 .3 9 -■
A g ly co n e  f r o m " 3 B - 2 A - 1 " 0 .7 5 0 .0 7 0 .3 8 -
K a e m p f e r o l 0 .8 4 0 .1 4 0 .4 9 “ *" ,
A g ly co n e  f r o m " 3 B - 2 A - 2 " 0 .8 4 0 .1 5 0 .4 8 -
^ S o lv en t s y s t e m s ;  (1) n - b u ty l  a l c o h o l - - a c e t i c  a c i d - - w a t e r  ( 6 : l : 2 v / v ) ;
(2) 15% a c e t i c  a c i d - - w a t e r ;  (3) 60% a c e t i c  a c i d - - w a t e r ;  and  (4) 60%
i s o p r o p y l  a l c o h o l - - w a t e r .
8
u l t r a v io l e t  l ig h t  to  see  i f  t h e r e  had  b e e n  any  s e p a r a t io n  of the two c o m ­
po u n d s .  O nly  one spo t w a s  s e e n .
C o m p a r i s o n  of s p e c t r a l  c u r v e s .  In  o r d e r  f u r t h e r  to  e s t a b l i s h  the 
id e n t i ty  of " 3 B - 2 A - 2 " ,  a c u rv e  of the  u l t r a v io l e t  a b s o r p t io n  s p e c t r u m  
w a s  d ra w n  and  c o m p a r e d  w ith  th a t  of a u th e n t ic  k a e m p f e r o l - 3 - r h a m n o  
g lu c o s id e .  (See F i g u r e  3).
An u l t r a v io l e t  a b s o r p t io n  c u rv e  of the  ag ly co n e  r e s u l t i n g  f r o m  the 
h y d r o ly s i s  of " 3 B -2 A -2 "  w a s  c o m p a r e d  w ith  a u th e n tic  k a e m p f e r o l .
(See F i g u r e  4 ) .  B o th  the g ly c o s id e  c u r v e s  and  the ag ly co n e  c u r v e s  a r e  
a l m o s t  id e n t ic a l  w ith  k a e m p f e r o l -  3 - rh a m n o g lu c o s id e  and  k a e m p f e r o l  
r e  s p e c t iv e ly .
B y  c o m p a r i s o n  of R£ v a l u e s ,  tw o - d im e n s io n a l  m ix e d  c h r o m a t o ­
g r a m s ,  and  u l t r a v io l e t  a b s o r p t io n  c u r v e s  of " 3 B -2 A -2 "  w ith  th o s e  of 
a u th e n t ic  k a e m p f e r o l - 3 - r h a m n o g lu c o s id e ,  the  two co m p o u n d s  a p p e a r e d  
to be id e n t ic a l .
H y d r o ly s i s  of the  K a e m p f e ro l  G ly c ù s id e
T en  m g  of " 3 B -2 A -2 "  w e r e  d i s s o lv e d  in  30 m l  of 50% e th y l  a lco h o l-  
w a te r  so lu tio n  c o n ta in in g  2% v / v  s u l fu r ic  a c id  an d  r e f lu x e d  2 1 /2  h o u r s .  
T he  e th y l  a lc o h o l  w a s  d i s t i l l e d  off, and  th e  h y d r o ly s i s  m i x t u r e  w a s  e x ­
t r a c t e d  tw ice  w ith  e th y l  a c e t a t e .  T he  e th y l  a c e ta t e  l a y e r  w a s  c o n ­
c e n t r a t e d  and  C O -c h ro m a to g ra p h e d  w ith  a u th e n t ic  k a e m p f e r o l  and  found
to be id e n t ic a l  w ith  i t  in  the  s o lv e n t  s y s t e m s ,  n - b u ty l  a l c o h o l - a c e t i c  
a c i d - w a t e r ,  60% a c e t ic  a c i d - w a t e r ,  15% a c e t ic  a c i d - w a t e r ,  and
FIGURE 3
ULTRAVIOLET SPECTRA OF KAEMPFEROL-3-RHAMNOGLUCOSIDE AND "3B -2A -2"
 K a em p fero l-3 -R ham noglucoside .
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FIGURE 4
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n i t r o m e t h a n e - b e n z e n e - w a t e r  (3 :2:5  v / v ) .
T he  a q u e o u s  l a y e r  of the  e x t r a c t e d  h y d ro ly z a te  w a s  p a s s e d  th ro u g h  
a  c a t io n - a n io n  m ix e d  b e d  io n  e x c h a n g e  r e s i n  ( A m b e r l i t e  M B -1 , X E -8 1 )  
to  r e m o v e  the  a c i d .  The n e u t r a l  s u g a r  so lu t io n  w a s  c o n c e n t r a t e d  to  
a b o u t  2. m l .  u n d e r  r e d u c e d  p r e s s u r e .  T h is  c o n c e n t r a t e d  s u g a r  s o lu t io n  
w a s  CO - - c h r o m a to g r a p h e d  w ith  s e v e r a l  know n s u g a r s ,  in  the  s o lv en t  
s y s t e m ,  n - b u ty l  a l c o h o l - p y r id i n e - b e n z e n e - w a t e r  (5 :3 :1 :3  v /v ) ,  and  a l s o  
in  the  n - b u ty l  a l c o h o l - a c e t i c  a c i d - w a t e r  s y s t e m .  T he  s u g a r s  of "3B- 
2 A -2 ” w e r e  fo u n d  to  be g lu c o se  and  rh a m n o  s e . S in ce  the  g ly c o s id e  h ad  
a p p e a r e d  to  be i d e n t i c a l  w i th  k a e m p f e r o l - 3 - rh a m n o g lu c o s id e  and  the  
h y d r o ly s i s  p r o d u c t s  w e r e  k a e m p f e r o l ,  g lu c o s e ,  an d  r h a m n o  s e ,  i t  w a s  
c o n c lu d e d  th a t  the  g ly c o s id e  i s  k a e m p f  e r o l -  3 -  rh a m n o g lu c o  s id e .
A n a ly s i s  of the  G ly c o s id e  " 3 B -2 A -1 "
A bou t 10 m g .  of co m p o u n d  " 3 B - 2 A - 1 "  w e r e  h y d ro ly z e d  a c c o rd in g  
to  the  p r o c e d u r e  d e s c r i b e d  p r e v io u s ly  f o r  the  k a e m p f e r o l  g ly c o s id e ,  
a n d  the  h y d r o ly s i s  p r o d u c t s  w e r e  a n a ly z e d  q u a n t i ta t iv e ly  by  p a p e r  
c h r o m a to g r a p h y .  In  o r d e r  to  a c c o m p l i s h  t h i s ,  c u r v e s  on know n q u a n t i ­
t i e s  of m a t e r i a l s  h a d  to  be  p r e p a r e d .  T h is  w a s  done a s  fo llow s:
Q u e r c e t in  c u r v e . Q u e r c e t in  (113.0 m g . )  w a s  d i s s o lv e d  in  95% e th y l  
a lc o h o l ,  a n d  th e  s o lu t io n  w a s  d i lu te d  to  a  v o lu m e  of 100 m l .
O ne l a r g e  s h e e t  of W h a tm a n  N o . 1 f i l t e r  p a p e r  (18 x  22 1 /2  in . )  
w a s  m a r k e d  off in to  f iv e  e q u a l  s p a c e s .  The s p a c e s  w e r e  s t r e a k e d  w ith  
25 , 50 , 100, 150, and  200 l a m b d a s ,  r e s p e c t i v e l y ,  of th e  s to c k  so lu t io n .
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The s t r e a k s  d id  no t  o v e r l a p ,  bu t r a t h e r  a  s p a c e  of a b o u t  one in c h  w a s  
le f t  b e tw e e n  th e m .  The w ho le  s h e e t  w a s  d e v e lo p e d  in  n - b u ty l  a lc o h o l-a c e t ic  
a c i d - w a te r  f o r  14 h o u r s .  A f te r  d ry in g ,  e a c h  s t r i p  w a s  c u t  f r o m  the  
s h e e t  and  e lu te d  in  a  so lu t io n  of e th y l  a lc o h o l  an d  w a te r  (4:1) f o r  24 
h o u r s .  A s t r i p  of b lan k  p a p e r  w a s  p la c e d  in  the  s a m e  e lu t io n  so lv e n t  
and i t s  e lu a n t  c o l le c te d  to be  u s e d  a s  a  b la n k .  E a c h  e lu a n t  w a s  c o l ­
le c te d  s e p a r a t e ly  and  d i lu te d  to 10 m l .  F r o m  th e  s t r e n g th  of the  s to c k  
so lu t io n ,  the  c o n c e n t r a t io n  of s a m p le s  w a s  c a l c u la te d  to  c o n ta in ,  a f t e r  
d i lu t io n  to  10 m l . , 2 .8 2 ,  5 .6 5 ,  11.3, and  22 . 6 g a m m a / m l . , r e s p e c t i v e l y ;  
T he  q u e r c e t in  a b s o r p t io n  c u rv e  h a s  i t s  h ig h e s t  p e a k  a t  374 m i l l i m i c r o n s  
(4). A t th i s  w ave  le n g th ,  a b s o r b a n c e  r e a d in g  w e r e  ta k e n  of e a c h  s a m p le .  
T he s t r a i g h t  l in e  th u s  o b ta in e d  i s  show n in  F i g u r e  5 .
G lu co se  c u r v e .  A s to c k  s o lu t io n  of g lu c o se  w a s  m a d e  c o n ta in in g  
200 m g .  of g lu c o se  i n  100 m l .  of aq u eo u s  s o lu t io n .  A s t r i p  of W h a tm a n  
N o, 1 f i l t e r  p a p e r ,  30 c m .  w id e ,  w a s  m a r k e d  w i th  a l in e  t h r e e  in c h e s  
f r o m  the  to p ,  a n d  beg inn ing  1 c m ,  f r o m  the  le f t .  T h is  l in e  w a s  e x te n d ­
e d  13 c m .  A  s p a c e  of 2 c m .  w a s  le f t ,  a n d  the  l in e  w a s  c o n t in u e d  to  
w i th in  1 c m .  of th e  r i g h t  s id e  of the  p a p e r .  F o u r  su c h  p a p e r s  w e r e  
m a r k e d ,  an d  e a c h  w a s  s t r e a k e d  w i th  g lu c o s e  s to c k  s o lu t io n  i n  th e  
a m o u n ts  of 25 , 50 , 75 and  100 l a m b d a s ,  r e s p e c t i v e l y .  F r o m  th e  c o n ­
c e n t r a t i o n  of s to c k  so lu t io n ,  th i s  g iv e s  f o r  the  s t r e a k s ,  5 0 ,  100, 150, 
and  200 g a m m a s ,  r e s p e c t i v e l y .  T he  s t r i p s  w e r e  d e v e lo p e d  f o r  14 h o u r s  
in  the  n - b u ty l  a l c o h o l - a c e t i c  a c i d - w a t e r  s y s t e m .  A f te r  d ry in g ,  e a c h
mr-4
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30 c m .  s t r i p  w a s  s p l i t  do w n  the  m id d le ,  and  one of e a c h  of the  two 
r e s u l t i n g  s t r i p s  w a s  s p r a y e d  w i th  a  r e a g e n t  s p r a y  c o n s i s t i n g  of 3 
g r a m s  of 2 - a m in o b ip h e n y l  d i s s o lv e d  in  100 m l .  of g la c ia l  a c e t i c  a c id  
to w h ic h  h a d  b e e n  a d d e d  1 .3  m l .  of p h o s p h o r ic  a c id .  A f te r  s p r a y in g ,  
the s t r i p  w e r e  a l lo w e d  to  d r y ,  th e n  s p r a y e d  a g a in ,  d r i e d  an d  h e a te d  
in  th e  o v en  a t  lOOoC, u n t i l  a  b ro w n  b an d  a p p e a r e d  (1 -3  m i n u t e s ) .  E a c h  
s t r i p  w a s  th e n  p la c e d  b e s id e  the  s t r i p  f r o m  w h ic h  i t  h ad  b e e n  c u t  in  
o r d e r  to  lo c a te  the  g lu c o s e  a r e a  on  the  n o n - s p r a y e d  p a p e r .  T h i s  a r e a  
w a s  m a r k e d  an d  e lu te d  w i th  w a t e r .  A t th e  s a m e  t im e  a  b la n k  s t r i p  of 
W h a tm a n  N o . 1 p a p e r  w a s  e lu te d  to  o b ta in  a  s t a n d a r d  b la n k .  W hen  4 -6  
m l .  of e lu a n t  w a s  c o l l e c t e d ,  i t  w a s  t r e a t e d  a s  fo l lo w s  to  o b ta in  a 
s t a n d a r d  c u r v e .  E a c h  s a m p le  w a s  d i lu te d  to  10 m l .  O ne m l .  of e a c h  
w a s  t r a n s f e r r e d  by  p ip e t te  to  a  g l a s s  s to p p e r e d  t e s t  tu b e ,  an d  to  i t  w a s  
a d d e d  5 m l .  of a  .4%  s o lu t io n  of 2 - a m in o b ip h e n y l  in  g l a c ia l  a c e t i c  a c id .  
T he  b la n k  w a s  t r e a t e d  l i k e w i s e .  T he  tu b e s  w e r e  i n s e r t e d  in  a  b e a k e r  of 
b o i l in g  w a t e r  and  h e a t e d  f o r  one h o u r ,  A  g r e e n  so lu t io n  w a s  o b ta in e d .  
A b s o r p t io n  r e a d i n g s  w e r e  t a k e n  a t  a  w a v e  le n g th  of 380 m i l l i m i c r o n s ,  
and  a  s t r a i g h t  l in e  w a s  p lo t te d  of a b s o r b a n c y  v s  c o n c e n t r a t i o n  ( F ig u r e  6).
B y  c o m p a r i s o n  of R f  v a l u e s  i n  s e v e r a l  s o lv e n t  s y s t e m s ,  a n d  by 
c h r o m o g e n ic  s p r a y s ,  th e  a g ly c o n e  of co m p o u n d  " 3 B - 2 A - 1 "  w a s  found  
to  be  q u e r c e t i n .  T h e  o n ly  s u g a r  found  to  be p r e s e n t  w a s  g lu c o s e .  T he  
g ly c o s id e  w a s  th e n  c o - c h r o m a to g r a p h e d  w i th  tw o know n q u e r c e t i n  g lu c o ­
s ide  s ,  q u e r c i m e r i t r i n  a n d  i s o q u e r c i t r i n .  S in ce  th e s e  h a d  d i f f e r e n t  R f
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v a lu e s  th a n  d id  the  unknow n, i t  a p p e a re d  th a t  th e  d if fe re n c e  in  
V alue8 m ig h t be found to be a  d if fe re n c e  in  the  n u m b e r  of s u g a r  u n its  
p e r  m o le c u le .  A n a n a ly s is  of th e  q u a n tita t iv e  r e la t io n s h ip  of g lu c o se  
to  q u e rc e t in  w a s  c a r r i e d  ou t a s  fo llo w s: " 3 B -2 A -1 "  w a s  h y d ro ly z e d  by 
re f lu x in g  w ith  2% su lfu r ic  a c id  fo r  2 1 /2  h o u r s .  T he  h y d ro ly z a te  w a s  
co o led  a n d  e x t r a c te d  tw ice  w ith  e th y l a c e ta te .  T he e th y l a c e ta te  e x ­
t r a c t s  w e re  co m b in ed  and  e v a p o ra te d  to  d ry n e s s  u n d e r  r e d u c e d  p r e s ­
s u r e .  T he so lid  ag ly co n e  w a s  ta k e n  up in  95% e th y l a lc o h o l, and  the 
v o lu m e  w as  a d ju s te d  to  5 m l .  Of th is  5 m l . , 0 .4  m l .  w a s  s t r e a k e d  on 
W h atm an  N o. 1 f i l t e r  p a p e r  and  d e v e lo p e d  fo r  14 h o u rs  in  the  n -b u ty l  
a lc o h o l- a c e t ic  a c id - w a te r  so lv e n t s y s te m . T he  c h ro m a to g ra m  w as  
d r ie d  and  the  a g ly c o n e , q u e rc e t in ,  w as  e lu te d  w ith  95% e th y l a lc o h o l.  
T h is  v o lu m e of e lu a n t w as  a d ju s te d  to  10 m l .  A sa m p le  of i t  w a s  p la c e d  
in  the  B e c k m a n  DU s p e c tro p h o to m e te r  and  i t s  a b s o rb a n c e  ta k e n  a t  374 
m i l l im ic r o n s .  T he a b s o rb a n c y  a t  th is  w av e  le n g th  w a s  0 .0 8 5 .  F r o m  
th e  s ta n d a rd  q u e rc e t in  c u rv e ,  F ig u r e  5 , th is  v a lu e  i s  e q u iv a le n t to  45 
m ic r o g r a m s  of q u e rc e t in  p e r  10 m l .  S in c e .th is  10 m l .  s a m p le  r e p r e ­
s e n ts  0 .4  m l ,  ta k e n  f ro m  th e  o r ig in a l  5 m l .  of a g ly c o n e , i t  th e r e f o r e  
w a s  8% of th e  to ta l  am o u n t of th e  a g ly c o n e . T he  45 m ic r o g r a m s  th e n  
w a s  8% of th e  to ta l  w e ig h t of q u e rc e t in  r e s u l t in g  f ro m  h y d r o ly s is ,  
n a m e ly  5 6 2 .5  m ic r o g r a m s .  T he n u m b e r  of m o le s  of q u e rc e t in  w h ich  
th is  r e p r e s e n t s  i s  0 .5 6 3  m g /3 .0 2  x  10^ m g /m o l  o r  0 .1 8 6  x  10“5 m o le s .
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Q u a n tita tiv e  A n a ly s is  of th e  S u g a r 
T he a q u e o u s  la y e r  r e m a in in g  f ro m  the  e x t r a c t io n  of th e  h y d ro ly z a te  
f r o m  g ly c o s id e  " 3 B -2 A -1 "  w a s  p a s s e d  th ro u g h  a  c a t io n -a n io n  m ix e d  bed  
io n  e x ch a n g e  r e s in  (A m b e r li te  M B -1 , X E -8 1 ) to  re m o v e  th e  s u lfu r ic  a c id .  
T he n e u t r a l  so lu tio n  w a s  th e n  c o n c e n tra te d  an d  th e  v o lu m e  a d ju s te d  to 
2 m l .  Of th is  2 m l .  , 0 .6  m l .  w e re  s t r e a k e d  on W h atm an  N o. 1 f i l t e r  
p a p e r .  O n th e  sa m e  l in e ,  and  tw o in c h e s  f ro m  th e  end  of th is  s t r e a k ,  
a  sp o t of th e  g lu c o se  so lu tio n  w a s  p la c e d  in  o r d e r  to  d e te rm in e  the  lo c a ­
tio n  of g lu c o se  a f te r  d e v e lo p m e n t. T he c h ro m a to g ra m  w a s  d e v e lo p e d  14 
h o u rs  in  th e  p y r id in e  so lv e n t s y s te m , n -b u ty l  a lc o h o l-p y r id in e -b e n z e n e  - 
w a te r  (5 :3 :1 :3  v /v ) .  A f te r  d ry in g ,  th e  s u g a r  w a s  e lu te d  w ith  w a te r .  T h is  
e lu a n t w a s  c o n c e n tra te d  to  5 m l. O ne m l  of th is  s u g a r  so lu tio n  w a s  t r a n s ­
f e r r e d  to  a  g la s s  s to p p e re d  t e s t  tu b e , and  5 m l .  of a  0 .4%  so lu tio n  of
2 -a m in o b ip h e n y l in  g la c ia l  a c e t ic  a c id  w e re  a d d e d . T h e  so lu tio n  w a s  
h e a te d  in  th e  w a te r  b a th  fo r  one h o u r .
A  b la n k  w a s  p r e p a r e d  by e lu tin g  p a p e r  w h ich  h a d  b e e n  p la c e d  in  th e  
so lv e n t s y s te m  u s e d  a n d  d e v e lo p e d  a lo n g  w ith  th e  s u g a r  c h ro m a to g ra m . 
T he v o lu m e  o f th is  b la n k -e lu a n t  w a s  a d ju s te d  to  5 m l .  T o  one m l .  of 
th e  b la n k  w e re  ad d ed  5 m l .  o f th e  2 -a m in o b ip h e n y l s o lu tio n , an d  th is  
w a s  h e a te d  in  th e  w a te r  b a th  a long  w ith  th e  s u g a r  Scim ple. A  d u p lic a te  
w a s  m a d e  of b o th  th e  b la n k  an d  th e  s u g a r  s a m p le .  T h e  t r e a te d  s a m p le s  
w e re  a llo w e d  to  co o l o v e rn ig h t  an d  th e  a b s o rb a n c e  w a s  m e a s u r e d  a t  380 
m i l l im ic r o n s .  T he  a b s o rb a n c e  o f th e  s u g a r  w a s  0 .1 3 4 ,  w h ic h , a s  s e e n
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f r o m  th e  s ta n d a r d  g lu c o se  c u rv e  i s  e q u iv a le n t to  35 m i c r o g r a m s .  T h is  
35 m i c r o g r a m s  r e p r e s e n t  1 /5  of th e  0 .6  m l .  of s t r e a k e d  s u g a r .  T h e r e ­
f o r e ,  th e  0 .6  m l .  w h ic h  w a s  s t r e a k e d ,  c o n ta in e d  5 x 35 o r  175 m i c r o ­
g r a m s  of g lu c o se  an d  in  th e  o r ig in a l  2 m l .  th e r e  w e re  (1 7 5 /0 .6 )  x  2 o r  
583 m i c r o g r a m s .  In  t e r m s  of m o le s  of g lu c o s e , th i s  r e p r e s e n t s  0 .5 8 3  
m g  / 1 .8 0  X 10^ m g /m o l  o r  0 .3 2 4  x  10"^ m o l .  T he r a t io  of m o le s  ox 
q u e r c e t in  to  m o le s  of g lu c o s e ,  th e n  i s  0 .1 8 6  x  1 0 ~ ^ /0 . 324 x 10 “^ o r  
1 :1 .7 4 .  W ith in  e x p e r im e n ta l  e r r o r ,  th is  a m o u n ts  to  a 1:2 r a t io  a s  
w ou ld  be e x p e c te d  f ro m  th e  R f v a lu e s  of q u e r c e t in  g ly c o s id e s .
S p e c t r a l  S tu d ie s  '
In  o r d e r  to  lo c a te  the  p o s it io n  o r  p o s itio n s  of a t ta c h m e n t of the 
su g a rs ,  a  b a th o c h ro m ic  sh if t s tu d y  w a s  c a r r i e d  ou t a c c o rd in g  to  the  
m e th o d  of J u r d  (2 , 3 ). T h e s e  s tu d ie s  in v o lv in g  the  u se  of su ch  re a g e n ts  
a s  so d iu m  a c e ta t e ,  b o r ic  a c id  an d  a lu m in u m  c h lo r id e ,  a r e  d e s ig n e d  to 
in d ic a te  w h ic h  h y d ro x y l g ro u p s  of th e  f la v o n o id  a r e  n o t c o v e re d  by a 
su g a r, m e th o x y , e tc .  S in ce  the  a g ly c o n e  w a s  q u e rc e t in ,  the  g ly c o s id e  
l in k a g e s  c o u ld  o c c u r  a t  p o s it io n s  3, 5 , 7, 3 ' o r  4 ' .
T o  d e te r m in e  w h e th e r  th e  N o. 7 p o s it io n  w a s  o p e n , so d iu m  a c e ta te  
w a s  u s e d .  T h e  u l t r a v io le t  s p e c tru m  of " 3 B -2 A -1 "  in  a b s o lu te  e th y l 
a lc o h o l was d e te r m in e d  on th e  B e c k m a n  D K -1 r e c o rd in g  s p e c t r o ­
p h o to m e te r .  E x c e s s  a n h y d ro u s  fu s e d  so d iu m  a c e ta te  w a s  ad d ed  to  the  
sa m p le  c e l l  an d  to  th e  b la n k . T he  s p e c tru m  w a s  d e te rm in e d  a f t e r  5 -1 0  
m in u te s .  T h e r e  w a s  a  sh if t  of th e  f i r s t  m a x im u m  of 12 m i l l im ic r o n s
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FIGURE 7
E FFE C T S OF SODIUM ACETATE ON ULTRAVIOLET SPECTRUM
OF GLYCOSIDE "3B -2A -1"1.0
 S pectrum  of u n trea ted  glycoside
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EFFECTS OF BORIC ACID-SODIUM ACETATE ON U .V . SPECTRUM
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Untreated glycoside












to w a rd  th e  lo n g e r  w av e  le n g th  (See F ig u r e  7) th u s  in d ic a tin g  th a t  th e  N o.
7 p o s it io n  w a s  o p en  an d  n o t c o v e re d  by a  s u g a r .
T o  2 m l .  o f th e  " 3 B -2 A -1 "  s to c k  so lu tio n  (a p p ro x im a te ly  0 .0 0 0 1  M) 
in  a b s o lu te  e th y l a lc o h o l w a s  ad d ed  2 m l .  o f a  s a tu r a te d  s o lu tio n  of b o r ic  
a c id  in  a b s o lu te  e th y l a lc o h o l.  T he s o lu tio n  w a s  d ilu te d  to  10 m l .  w ith  
a b s o lu te  e th y l a lc o h o l,  and  an  e x c e s s  of so d iu m  a c e ta te  w a s  a d d e d .
A f te r  sh ak in g  th e  so lu tio n  an d  a llo w in g  i t  to  s e t t le  f o r  10 -20  m in u te s ,  
th e  s p e c tru m  of th e  so lu tio n  w a s  r e c o r d e d  on  th e  s a m e  g ra p h  w ith  th e  
u n tr e a te d  s a m p le .  T he  m a x im u m  p e a k  w h ich  h ad  o c c u r r e d  a ro u n d  260 
m i l l im ic r o n s  w a s  s h if te d  ab o u t 23 m i l l im ic r o n s  to w a rd  the  s h o r te r  w av e  
le n g th s . T he  se c o n d  m a x im u m , w h ic h  w a s  o r ig in a l ly  ab o u t 370 m i l l i ­
m ic r o n s ,  w a s  sh if te d  ab o u t 15 m i l l im ic r o n s  to w a rd  th e  lo n g e r  w ave 
le n g th s  (S ee F ig u r e  8 ). A c c o rd in g  to  J u r d ,  th e s e  s h if ts  w o u ld  in d ic a te  
th e  p r e s e n c e  of o -d ih y d ro x y  g ro u p s .  W ith  q u e rc e t in ,  th is  w ou ld  m e a n  
th a t  the  3 * ,4 ' p o s i t io n s  a r e  op en  and  n o t c o v e re d  by a  s u g a r .
W ith  th e  e v id e n c e  th a t  th e  N o . 7 , 3* an d  4 ' p o s i t io n s  a r e  o p e n , th i s  
p la c e s  th e  s u g a r s  e i th e r  on th e  N o . 3 o r  N o . 5 p o s it io n ,  o r  one m o le c u le  
of g lu c o se  on  e a c h  of th e s e  p o s i t io n s .  T he com pound  c h e la te s  w ith  
a lu m in u m  c h lo r id e ,  w h ic h  in d ic a te s  th a t  th e  N o. 5 p o s i t io n  i s  o p e n .
T h is  le a v e s  o n ly  th e  N o. 3 p o s i t io n .  F u r th e r  e v id e n c e  th a t  th e  N o . 3 
p o s itio n  i s  c o v e re d  i s  a f fo rd e d  by  the  f a c t  th a t  th e  g ly c o s id e  f lu o r e s c e s  
b ro w n  r a th e r  th a n  y e llo w .
A c c o rd in g  to  th e  in fo rm a tio n  o b ta in e d  a t  th is  p o in t ,  "3 B -2 A -1 * ’
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a p p e a re d  to  be a  q u e r c e t in - 3 - g lu c o s y lg lu c o s id e .  T he d a ta  s u b s ta n t i a t ­
in g  th i s  b e l ie f  a r e :
(1) R f v a lu e s  in  fo u r  d i f f e r e n t  s o lv e n t s y s te m s  a r e  m o re  n e a r ly  
th o s e  o f a  d ig ly c o s id e  r a t h e r  th a n  of a  m o n o -o r  t r ig ly c o s id e .
(2) T h e  h y d r o ly s is  p r o d u c ts  a r e  q u e r c e t in  a n d  g lu c o s e .
(3) T h e  h y d r o ly s is  p ro d u c ts  o c c u r  in  th e  r a t i o  of q u e r c e t in  to  
g lu c o se  in  a n  a p p ro x im a te  1:2 r a t i o .
(4) S p e c t r a l  a n d  c h e la t io n  s tu d ie s  in d ic a te  th a t  p o s i t io n s  N o. 5 ,
7, 3 ' an d  4 ’ a r e  o p e n .
(5) T h e  b ro w n  f lu o r e s c e n c e  in d ic a te s  th a t  th e  N o. 3 p o s it io n  i s  
c o v e r e d .
I s o la t io n  o f G ly c o s id e s  f r o m  Z o n e  1
Z o n e  1 f r o m  th e  n -b u ty l  a lc o h o l - a c e t ic  a c id - w a te r  s y s te m  (See 
F ig u r e  2) w a s  c u t a n d  se w e d  on  new  W h a tm an  #3M M  f i l t e r  p a p e r s  (18 
X 22 1 /2  i n . )  a n d  d e v e lo p e d  fo r  16 h o u rs  in  a  60% is o p r o p y l  a lc o h o l-  
w a te r  s o lv e n t  s y s te m .  Tw o z o n e s ,  lA  and  IB , a p p e a r e d .  Z o n e  lA  h ad  
th e  s m a l le r  R f v a lu e  an d  sh o w ed  on ly  a  f a in t  f lu o r e s c e n c e  w ith  a m m o n ia  
v a p o r s .  I t  w a s  n o t f u r th e r  e x a m in e d . Z o n e  IB , w h ich  w a s  b ro w n  an d  
sh o w ed  a  s t r o n g  f lu o r e s c e n c e  w ith  a m m o n ia  v a p o r s ,  w a s  c u t an d  sew ed  
o n  new  W h a tm a n  #3M M  f i l t e r  p a p e r s  a n d  d e v e lo p e d  fo r  4 -6  h o u r s  in  th e  
15% a c e t ic  a c id - w a te r  s o lv e n t s y s te m .  O n ly  one zone  w a s  s e e n .  I t  w a s , 
t h e r e f o r e ,  la b e le d  l B - 1 . ,  T h e  zo n e  lB - 1  w a s  e lu te d  w ith  w a te r  an d  c o n ­
c e n t r a te d ,  u n d e r  r e d u c e d  p r e s s u r e .  T h e  g ly c o s id e  w a s  p r e c ip i th te d  by
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b y  s lo w ly  a d d in g , w ith  g e n tly  sh a k in g , 5 - 8  v o lu m e s  of a c e to n e .  T h e  
p r e c ip i ta te d  g ly c o s id e  w a s  f i l t e r e d  a n d  d r ie d  on a  s in te r e d  g la s s  fu n n e l 
of " m e d iu m "  p o r o s i ty .  T h e  d r i e d  g ly c o s id e  w a s  th o ro u g h ly  w a sh e d  w ith  
e th y l a c e ta te ,  an d  th e n  w ith  is o p ro p y l  a lc o h o l,  e th e r ,  and  f in a l ly  w ith  
a b so lu te  e th y l a lc o h o l.  I t  w a s  q u ite  in s o lu b le  in  th e s e  o rg a n ic  s o lv e n ts ,  
b u t rea tïly  d is s o lv e d  in  w a te r  an d  in  e th y le n e  g ly c o l. A bout 100 m g , of 
lB - 1  w a s  o b ta in e d  by s u c c e s s iv e  i s o la t io n s  f r o m  p a p e r .  T he p u r i ty  of 
lB -1  w a s  te s t e d  by  sp o ttin g  i t  and  d e v e lo p in g  in  £5ve so lv e n t s y s te m s  
c o m m o n ly  u s e d  f o r  f la v o n o l g ly c o s id e s .  In  e a c h  of th e s e  s o lv e n ts  on ly  
one sp o t a p p e a r e d .  H o w e v e r , in  th e  n -b u ty l  a lc o h o l- a c e t ic  a c id - w a te r  
s y s te m , th e r e  w a s  so m e  in d ic a tio n  of th e  p r e s e n c e  o f m o re  th a n  one 
co m p o u n d , b u t s t i l l  o n ly  one sp o t a p p e a re d .  I t  w a s  th e r e f o r e ,  te n ta t iv e ly  
a s s u m e d  to  be  p u re  and  th e  fo llo w in g  h y d ro ly s e s  w e re  c a r r i e d  o u t.
A c id  H y d ro ly s is  o f l B - 1 ,  A bout 10 m g . of lB - 1  w e re  c o m p le te ly  
h y d ro ly z e d  by  b o ilin g  f o r  2 h o u r s  w ith  2% s u lfu r ic  a c id .  T he h y d ro -  
ly z a te  w a s  e x t r a c te d  tw ic e  w ith  e th y l a c e ta t e .  T he e th y l a c e ta te  
e x t r a c t s  w e re  c o m b in e d  a n d  c o n c e n tr a te d  a n d  th e n  c o -c h ro m a to g ra p h e d  
w ith  k a e m p f e r o l  a n d  q u e r c e t in  in  th e  s o lv e n t s y s te m s ,  n -b u ty l  a lc o h o l-  
a c e t ic  a c id - w a te r ,  15% a c e t ic  a c id - w a te r ,  60% a c e t ic  a c id - w a te r ,  an d  
n i t r o m e th a n e - b e n z e n e - w a te r  (3 :2 :5  v / v ) .  T h e  a g ly c o n e  a p p e a re d  to  
c o n s is t  o f o n ly  one co m p o u n d  a n d  th e  v a lu e  w a s  th e  s a m e  a s  th e  R f 
v a lu e  of q u e r c e t in .
T he a q u e o u s  p o r t io n  of th e  h y d ro ly z a te  w a s  n e u t r a l iz e d  b y  i t s  p a s s -
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ag e  th ro u g h  a  c a t io n -a n io n  m ix e d  b ed  io n  ex ch an g e  r e s i n  (A m b e r li te  
M B -1 , X E -8 1 ) an d  th e n  c o n c e n tra te d  u n d e r  re d u c e d  p r e s s u r e .  The 
c o n c e n tr a te d  s u g a r  so lu tio n  w a s  c o -c h ro m a to g ra p h e d  w ith  s e v e r a l  
know n s u g a r s ,  an d  found  to  c o n ta in  g a la c to s e ,  g lu c o s e , a r a b in o s e ,  
x y l o s e , , an d  rh a m n o s e .  F r o m  th e  v a lu e s  of th e  g ly c o s id e , i t  s e e m e d  
u n lik e ly  th a t  th is  w a s  a  p e n ta g ly c o s id e  of q u e rc e t in ,  t h e r e f o r e ,  p a r t i a l  
h y d ro ly s is  w a s  a t te m p te d  by b o ilin g  th e  g ly c o s id e  w ith  2% s u lfu r ic  a c id  
fo r  s h o r t  p e r io d s  o f t im e  ra n g in g  f ro m  5 m in u te s  to  2 h o u r s .  A f te r  5 
m in u te s ,  no h y d ro ly s is  h a d  o c c u r r e d ,  an d  a f te r  2 h o u r s  th e  g ly c o s id e  
w a s  c o m p le te ly  h y d ro ly z e d . I n te rm e d ia te  t im e s  g ave  v a ry in g  d e g r e e s  
of h y d r o ly s is ,  b u t th e  m o s t  s ig n if ic a n t  w a s  a  15 m in u te  p e r io d ,  a f te r  
w h ic h  th e  su g a r  found  to  be p r e s e n t ,  by  c h ro m a to g ra p h ic  c o m p a r is o n ,  
w e re  a  t r a c e  of g lu c o se , r u t in o s e  (6 (b e ta - l-L i- rh a m n o s id o ) -D ~ g lu c o s e ) ,  
x y lo s e ,  an d  a n o th e r  p e n to s e . W hen lB - 1  w a s  h y d ro ly z e d  30 -  45 
m in u te s ,  a n d  th e  aq u eo u s  p o r t io n  of th e  h y d ro ly z a te  c h ro m a to g ra p h e d  
a f te r  b e in g  n e u t r a l iz e d  a s  d e s c r ib e d  p re v io u s ly ,  fo u r  z o n e s  a p p e a re d .  
O ne c o r re s p o n d e d  to  r h a m n o s e ,  one to  g lu c o s e , an d  tw o z o n e s  h a d  R f 
v a lu e s  s m a l le r  th a n  th e  Rf v a lu e  o f g lu c o s e .  I s o la t io n  an d  f u r th e r  
h y d ro ly s is  o f one o f  th e s e  z o n e s  show ed  th a t  i t  c o n ta in e d  g a la c to s e  an d  
g lu c o s e . U pon c o -c h ro m a to g ra p h in g  th is  g a la c to s e -g lu c o s e  s u g a r  w ith  
l a c to s e ,  th e  tw o w e re  found  n o t to  be id e n t ic a l .  T he g ly c o s id ic  lin k a g e  
b e tw e e n  th e  g a la c to s e  an d  g lu c o se  m u s t  be  d if f e r e n t  th a n  in  th e  c a s e  
o f l a c to s e .
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E n z y m ic  H y d ro ly s is  of l B - 1 .  T he  co m p o u n d  lB -1  w a s  t r e a te d  
w ith  v a ry in g  c o n c e n tra t io n s  o f th e  e n z y m e , e m u ls in ,  fo r  p e r io d s  of 
t im e ,  ra n g in g  f r o m  1 h o u r to  10 d a y s ,  an d  no e v id e n c e  of h y d ro ly s is  
co u ld  be o b s e rv e d  w h en  the  m ix tu r e  w a s  c h ro m a to g ra p h e d  on p a p e r .  
T h e r e f o re ,  a  h y d ro ly s is  w a s  c a r r i e d  ou t u s in g  m a l t a s e .  M a l ta s e ,  
o b ta in e d  f r o m  " D e lta  C h e m ic a l s " ,  w a s  m a d e  up to  a  10% a q u e o u s  
so lu tio n , an d  5 m l .  of the  e n zy m e  so lu tio n  w e re  a d d ed  to  5 m l .  of a 
c o n c e n tr a te d  a q u e o u s  so lu tio n  of th e  g ly c o s id e . T he m ix tu re  w a s  
a llo w ed  to  s ta n d  fo r  3 h o u rs  a t  ro o m  te m p e r a tu r e  (35 d e g r e e s  c e n t i ­
g r a d e ) .  T h e  pH of th e  s o lu tio n  w a s  a p p ro x im a te ly  6 . T he h y d ro ly s is  
m ix tu re  w a s  s t r e a k e d  on W h atm an  #3M M  f i l t e r  p a p e r  (18 x  22 1 /2  in „ | 
an d  d ev e lo p e d  f o r  16 h o u rs  in  the  n -b u ty l  a lc o h o l a c e t ic  a c id - w a te r  
so lv e n t s y s te m ,  A s t r ip  (3 x  22 1 /2  in . )  w a s  c u t f r o m  the d r ie d  
c h ro m a to g ra m  and  s p ra y e d  w ith  a  s o lu tio n  c o n s is t in g  of 3 g r a m s  of 2 -  
a m in o b ip h e n y l in  100 m l .  of g la c ia l  a c e t ic  a c id ,  to  w h ich  h ad  b een  a d d ed  
1 m l .  o f p h o sp h o r ic  a c id .  T he s u g a r s  d e te c te d  w e re  g lu c o se , g a la c to s e ,  
and  a  t r a c e  o f a  p e n to s e .
E x a m in a t io n , in  u l t r a - v io le t  l ig h t ,  of th e  re m a in in g  c h ro m a to g ra m s  
r e v e a le d  th a t  a  g ly c o s id e  w a s  s t i l l  p r e s e n t  w h ic h  h a d  an  R f v a lu e  the  
sa m e  a s  th a t  of th e  o r ig in a l  g ly c o s id e .  T h is  g ly c o s id e  zone w a s  c u t ou t 
an d  sew ed  o n  new  W h atm an  #3M M  f i l t e r  p a p e r s  an d  d e v e lo p e d  in  th e  15% 
a c e t ic  a c id - w a te r  s o lv e n t s y s te m  in  o r d e r  to  r e m o v e  the  t r a c e  of p e n to se  
w h ic h  w a s  fo u n d  to  b e  in  th e  s a m e  g e n e r a l  a r e a .  T h e  p e n to se  m o v e d
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a h e a d  of th e  g ly c o s id e .  T he  g ly c o s id e  zo n e  w a s  c u t f r o m  th e  d r ie d  
c h ro m a to g ra m s  and  th e  co m p o u n d  w a s  e lu te d  w ith  w a te r .  T he e lu a n t 
w a s  c o n c e n tr a te d  an d  h y d ro ly z e d  4 h o u r s  w ith  2% s u lfu r ic  a c id .  T he 
h y d ro ly s is  p ro d u c ts  w e re  a n a ly z e d  a n d  found  to  be  q u e r c e t in ,  g lu c o se , 
rh a im n o se , x y lo s e ,  an d  a r a b in o s e .
F u r t h e r  S e p a ra t io n  of Z o n e  1B ~ 1 . F r o m  the  r e s u l t s  o b ta in e d  by 
th e  p a r t i a l  h y d r o ly s is  of l B - 1 ,  b o th  by  s u lfu r ic  a c id  an d  by  m a l ta s e ,  
i t  w a s  c o n c lu d e d  th a t  th i s  m u s t  b e  a  m ix tu r e ,  r a th e r  th a n  a  p u re  s in g le  
co m p p u n d ; t h e r e f o r e ,  new  s o lv e n t s y s te m s  w e r e  t r i e d  in  o r d e r  to  f in d  
one w h ic h  co u ld  b r in g  ab o u t th e  d e s i r e d  s e p a r a t io n .  T he s y s te m  w h ich  
gav e  s u i ta b le  r e s u l t s  w a s  one c o n ta in in g  p h e n o l» w a te r - fo rm ic  a c id  
(3 :1 :0 .1  w /w ) .  T h e  s o lid  g ly c o s id e ,  I B - 1, w a s  d is s o lv e d  in  w a te r  and  
s t r e a k e d  on W h a tm an  #3M M  f i l t e r  p a p e r  (18 x  22 1 /2  i n . ) , an d  d e v e lo p e d  
f o r  16 h o u r s  in  th e  p h e n o l - w a te r - f o r m ic  a c id  s y s te m .  O ne m a jo r  z o n e , 
I B - I A ,  s e p a r a te d  f r o m  tw o o th e r  z o n e s  w h ic h  o v e r la p p e d  e a c h  o th e r .  
T h e s e  tw o  z o n e s  w e r e  la b e le d  I B - I B ,  an d  I B - I C .  T he  tw o z o n e s  w e re  
c u t  a s  o n e  a n d  se w e d  on  new  W h a tm a n  #3M M  f i l t e r  p a p e r s  an d  d e v e lo p ­
ed  a  s e c o n d  t im e  in  th e  p h e n o l -  w a te  r  - f o r m ic  a c id  s y s te m .  A f te r  20 
h o u r s  o f d e v e lo p in g , th e  tw o z o n e s  w e r e  c o m p le te ly  s e p a r a te d .  S in ce  
th e  p h e n o l -w a te r - f o r m ic  a c id  s o lv e n t sh o u ld  g iv e  R f v a lu e s  o p p o s ite  to  
th o s e  o f th e  60% is o p ro p y l  a lo c h o l- w a te r  s o lv e n t ,  I B - I C  a p p e a re d  to  be 
a  p o r t io n  of lA  w h ic h  h a d  n o t s e p a r a te d  in  th e  15% a c e t ic  a c id - w a te r  
s y s te m .  A t an y  r a t e ,  i t s  s m a l l  q u a n tity  d is c o u ra g e d  i t s  c o m p le te
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in v e s t ig a t io n .  N e v e r th e le s s ,  the zo n e  w a s  e lu te d  an d  th e  e lu a n t w a s  
c o n c e n tr a te d  a n d  h y d ro ly z e d . I t  w a s  found  to  c o n ta in  g lu c o s e  a s  th e  
o n ly  s u g a r .
E x a m in a t io n  of I B - I B .  T he c h r o m a to g r a m s  c o n ta in in g  zone I B - I B  
w e re  a i r  d r ie d  fo r  8 h o u r s .  A t th e  en d  of th is  t im e  th e y  s t i l l  p o s s e s s e d  
a  s tro n g  o d o r of p h e n o l. Z one I B - I B  w a s  c u t f r o m  e a c h  of the  p a p e r s  
an d  th o ro u g h ly  w a s h e d  b y  im m e r s in g  an d  a g ita t in g  th e m  in  c h lo ro fo rm  
to  re m o v e  th e  r e s id u a l  p h e n o l. T h e  s t r i p s  w e re  d r ie d  an d  th e  f la v o n o id  
w a s  e lu te d  w ith  w a t e r . T he e lu a n t w a s  c o n c e n tr a te d ,  u n d e r  re d u c e d  
p r e s s u r e .  F iv e  m l .  of th e  c o n c e n tra te d  s o lu tio n  w e re  h y d ro ly z e d  by 
b o ilin g  f o r  4 h o u r s  w ith  2% s u lfu r ic  a c id .  T he h y d ro ly z a te  w as  c o o le d  
an d  e x t r a c te d  tw ic e  w ith  e th y l a c e ta te .  T he e x t r a c t s  w e re  co m b in ed  
an d  e v a p o ra te d  to  d r y n e s s .  T he  s o lid  ag ly c o n e  w a s  ta k e n  up in  95% 
e th y l a lc o h o l.  T h is  a g ly c o n e  w a s  c o -c h ro m a to g ra p h e d  w ith  s e v e r a l  
f la v o n o ls  in  th e  so lv e n t s y s te m s  l i s t e d  in  ta b le  1 . T he ag ly c o n e  w a s  
fou n d  to  h av e  a n  v a lu e  id e n t ic a l  w ith  th a t  of q u e r c e t in .  T he aq u e o u s  
p o r t io n  of th e  h y d ro ly z a te  w a s  n e u t r a l iz e d  b y  p a s s in g  i t  th ro u g h  a  c a t io n -  
a n io n  m ix e d  b e d  io n  e x c h a n g e  r e s i n  (A m b e r li te  M B -1 , X E -8 1 ) ,  T h e  
n e u t r a l  s o lu tio n  w a s  c o n c e n tr a te d  to  a  v o lu m e  of 1 1 /2  m l , , an d  a  p o r ­
tio n  of i t  w a s  c o -c h ro m a to g ra p h e d  w ith  g a la c to s e ,  g lu c o s e ,  a r a b in o s e ,  
x y lo s e ,  an d  r h a m n o s e ,  in  th e  so lv e n t s y s te m ,  n -b u ty l  a lc o h o l-b e n z e n e -  
p y r id in e - w a te r  (5 :1 :3 :3  v /v ) .  T he s u g a r s  fo u n d  to  b e  p r e s e n t  w e re  
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C om pound  I B - I B  gave an  u l t r a v io le t  a b s o rp t io n  c u rv e  in  a q u e o u s  
so lu tio n  w h ic h  i s  ty p ic a l  f o r  f la v o n o l g ly c o s id e s  (See F ig u r e  9)»
E x a m in a t io n  of I B - lA e  Z o n e  I B - I A  w a s  c u t f r o m  the  d r ie d  
c h ro m a to g ra m s  and  w a sh e d  th o ro u g h ly  w ith  c h lo ro fo rm  to  re m o v e  the 
r e s id u a l  p h e n o l. T he d r ie d  s t r ip s  w e re  e lu te d  w ith  w a te r  an d  th e  e lu a n t 
w a s  c o n c e n tra te d ,  u n d e r  re d u c e d  p r e s s u r e ,  to  ab o u t 10 m l .  A bou t 5 
m l .  of th e  g ly c o s id e  so lu tio n  w e re  h y d ro ly z e d  by b o ilin g  fo r  4 h o u r s  
w ith  2% s u lfu r ic  a c id .  T he  h y d ro ly z a te  w a s  c o o le d  an d  e x t r a c te d  tw ic e  
w ith  e th y l a c e ta t e .  T he e x t r a c t s  w e re  c o m b in e d  and  e v a p o ra te d  to  
d r y n e s s ,  an d  th e n  ta k e n  up in  95% e th y l a lc o h o l.  T h is  so lu tio n  w as  
m a d e  to  a  v o lu m e  of 5 m l .  T he R£ v a lu e s  of th e  a g ly c o n e  w e re  d e t e r ­
m in e d  in  fo u r  d i f f e r e n t  so lv e n t s y s t e m s .  T he v a lu e s  in  the  n -b u ty l 
a lc o h o l- a c e t ic  a c id - w a te r  s y s te m , and  in  the  60% a c e t ic  a c id - w a te r  
s y s te m  w e re  v e r y  s l ig h t ly  d if f e r e n t  f ro m  the  R^ v a lu e s  of q u e rc e t in  in  
th e s e  tw o s o lv e n t s y s te m s .  T he ag ly co n e  w a s  th e n  c o -c h ro m a to g ra p h e d  
w ith  s e v e r a l  f la v o n o ls  of s im i la r  s t r u c t u r e ,  in c lu d in g  k a e m p fe ro l ,  
r o b in e t in ,  r h a r a n e t in ,  m o r in ,  an d  m y r ic e t in .  I t  w a s  found  n o t to  be 
id e n t ic a l  w ith  any  of th e s e .  T he  ag ly co n e  w a s  th e n  s u s p e c te d  o f b e in g  
g o s s y p e tin .  In  o r d e r  to  c o m p a re  i t  w ith  g o s s y p e tin ,  th e  l a t t e r  h ad  to  
b e  s y n th e s iz e d . A  m o d if ie d  p ro c e d u re  of S e s h a d r i  (7) w a s  u s e d .  T he 
a g ly c o n e  w a s  fo u n d  n o t to  be id e n t ic a l  w ith  th e  sy n th e t ic  p ro d u c t .
E v e n  th o u g h  th e  e x a c t  s t r u c tu r e  of th e  a g ly c o n e  o f I B - I A  w a s  n o t 
know n, i t  w a s  d e s i r a b le  to  e s t im a te  th e  r a t i o n  of s u g a r  to  ag ly co n e  in  
th e  o r ig in a l  g ly c o s id e .  T h is  w a s  done by  s tr e a k in g  one m l .  of th e  5 m l .
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v o lu m e , m e n tio n e d  a b o v e , on  a  s t r ip  (7 1 /2  x  22 1 /2  in . )  of W h a tm an  
#1 f i l t e r  p a p e r  an d  d e v e lo p in g  i t  f o r  8 h o u r s  in  th e  60% a c e tic  a c id -  
w a te r  s y s te m . T h e  c h ro m a to g ra m  w a s  d r ie d ,  an d  th e  ag ly co n e  w a s  
e lu te d  w ith  95% e th y l a lc o h o l,  and  th is  m a d e  up to  a  to ta l  v o lu m e  of 
5 m l .  T he a b s o rp t io n  of th e  s o lu tio n  w a s  ta k e n  a t  374 m i l l im ic r o n s  in  
th e  B e c k m a n  DU s p e c tr o p h o to m e te r .  T he  374 m i l l im ic r o n  w ave le n g th  
w a s  c h o se n  b e c a u s e  th is  i s  the  a r e a  of th e  b ro a d  a b s o rp t io n  p e a k  a s  
w a s  o b ta in e d  by d e te rm in in g  the  a b o s rp t io n  c u rv e  f r o m  220 to  420 
m i l l im ic r o n s  on  th e  B e c k m a n  D K -1 r e c o rd in g  s p e c tro p h o to m e te r  
( f ig u re  10).
-V̂
T h e  a q u e o u s  p o r t io n  of the  h y d ro ly z a te  of I B - l A  w a s  n e u t r a l iz e d  
by  p a s s in g  i t  th ro u g h  a c a t io n -a n io n  m ix e d  bed  io n  ex c h a n g e  r e s i n  
(A m b e r li te  M B -1 , XE-*§1). T he  n e u t r a l  s o lu tio n  w a s  c o n c e n tr a te d  and  
th e  v o lu m e  a d ju s te d  to  1 .5  m l .  S ix  h u n d re d  la m b d a s  (0 .6  m l . )  of the  
so lu tio n  w e re  s t r e a k e d  on  a  s t r ip  (3 1 /2  in  x  22 1 /2  in . )  of W h a tm an  
#1 f i l t e r  p a p e r ,  a n d  f o r  lo c a t io n  p u r p o s e s ,  a n o th e r  sp o t of th e  so lu tio n  
w a s  p la c e d  b e s id e  th e  s t r e a k .  O n th e  o th e r  s id e  of th e  lo c a tio n  sp o t 
w a s  p la c e d  a  sp o t c o n ta in in g  th e  know n s u g a r s ,  g a la c to s e ,  g lu c o se ,  
a r a b in o s e ,  x y lo s e ,  and  r h a m n o s e .  T he  c h r o m a to g r a m  w a s  d e v e lo p e d  
f o r  30 h o u r s  in  th e  n -b u ty l  a lc o h o l- p y r id in e - b e n z e n e - w a te r  (5 :3 :1 ;3  v /v )  
s y s te m . T he  c h ro m a to g ra m  w a s  d r ie d  a n d  a  s t r ip  c o n ta in in g  th e  lo c a tio n  
s u g a r  sp o t a n d  th e  know  s u g a r s  w a s  c u t a n d  s p ra y e d  w ith  a  so lu tio n  c o n ­
s is t in g  of 3 g r a m s  of 2 -a m in o b ip h e n y l d is s o lv e d  in  100 m l .  o f g la c ia l
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a c e t ic  a c id  to  w h ic h  h ad  b e e n  ad d ed  1 m l .  of p h o s p h o r ic  a c id .  The 
s p ra y e d  s t r ip  w a s  a llo w ed  to  d ry  and  w a s  th e n  h e a te d  in  th e  ov en  a t 
100 d e g re e s  c e n t ig ra d e  fo r  1 - 3  m in u te s .  F r o m  th e  lo c a tio n  sp o t two 
b ro w n  sp o ts  a p p e a re d  w h ic h  c o r re s p o n d e d  to  g a la c to s e  and  g lu c o se .  
(P re v io u s  q u a l ita t iv e  w o rk  in  d i f f e r e n t  so lv e n t s y s te m s  h a d  in d ic a te d  
th a t  I B - I A  d id  c o n ta in  g a la c to s e  an d  g lu c o se  o n ly ). T he s p ra y e d  and  
h e a te d  s t r ip  w a s  th e n  p la c e d  b e s id e  th e  o r ig in a l  c h ro m a to g ra m  f ro m  
w h ic h  i t  h ad  b e e n  c u t, a n d  th e  g a la c to s e  an d  g lu c o se  a r e a s  w e re  m a rk e d  
off on the u n s p ra y e d  c h ro m a to g ra m . T h e se  a r e a s  w e re  c u t o u t and  
e lu te d  s e p a r a te ly  w ith  w a te r .  E a c h  e lu a n t w a s  c o n c e n tra te d  an d  i t s  
v o lu m e  a d ju s te d  to  5 m l .  T he so lu tio n s  w e re  p r e p a r e d  fo r  q u a n tita t iv e  
u l t r a v io le t  a b s o rp tio n  r e a d in g s  a s  d e s c r ib e d  fo r  g lu c o se  in  th e  q u e rc e tin -
3 -g lu c o s y lg lu c o s id e . T he  a b s o rb a n c e  f o r  g lu c o se  a t  380 m i l l im ic r o n s  
w a s  0 .0 2 7  an d  fo r  g a la c to s e  i t  w a s  0 .0 2 5 .  T im é l l  found  th a t 
g a la c to s e ,  g lu c o s e , and  m a n n o se  g iv e  th e  sa m e  s ta n d a rd  c u rv e  of 
a b s o rb a n c e  v s .  c o n c e n tra t io n .  T h e r e f o re ,  f ig u re  6 w a s  u s e d  to  d e t e r ­
m in e  the  c o n c e n tra t io n  o f g a la c to s e  a s  w e ll  a s  th e  c o n c e n tra t io n  of 
g lu c o s e . F r o m  a  g la n c e  a t  th e  r e a d in g ,  0 .0 2 7  f o r  g lu c o s e , a n d  0 .0 2 5  
fo r  g a la c to s e ,  i t  i s  s e e n  th a t  th e  tw o s u g a r s  a r e  in  a  1:1 r a t i o .  
D e te rm in in g  th e  m o le c u la r  r a t io  o f ag ly co n e  to  s u g a r  i s  a  l i t t l e  m o re  
d if f ic u lt  s in c e  th e  e x a c t s t r u c tu r e  of th e  ag ly co n e  i s  n o t know n . F r o m  
the  c lo se  R£ v a lu e s  of th i s  ag ly co n e  to  th o s e  of q u e rc e t in ,  th e  c o lo r s  
p ro d u c e d  w ith  a m m o n ia  v a p o r s  an d  w ith  a lu m in u m  c h lo r id e  s p r a y ,  and
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th e  s h a rp  r e s e m b la n c e  o f th e  u l t r a v io le t  c u rv e s  of th e s e  tw o f la v o n o ls  
( f ig u re  10), one i s  a lm o s t  f o r c e d  to  co n c lu d e  th a t  w h a te v e r  th e  e x a c t 
s t r u c tu r e  of th e  a g ly c o n e  of I B - I A  m a y  b e , i t  i s  q u ite  lik e  th a t  of 
q u e r c e t in .  C h ro m a to g ra m s  o f th e  ag ly co n e  in  n i t ro m e th a n e -b e n z e n e -  
w a te r  (3 :2 :5  v /v )  s y s te m  in d ic a te  no m e th o x y  g ro u p s  to  be  p r e s e n t .
The a b s o rb a n c e  of th e  5 m l .  s a m p le  of th e  a g ly c o n e  a t  374 m i l l i ­
m ic r o n s  w a s  0 .0 9 3 .  B y  d ilu tin g  th e  sa m p le  to  10 m l .  a  r e a d in g  of
0 .0 4 6 5  w o u ld  be  o b ta in e d . If i t  c a n  b e  a s s u m e d , on  th e  b a s i s  of l i k e ­
n e s s  of th e i r  a b s o rp t io n  c u r v e s  and  o th e r  c h a r a c t e r i s t i c s ,  th a t  e q u a l 
c o n c e n tra t io n s  of th e  a g ly c o n e  an d  q u e r c e t in  w ou ld  h av e  e q u a l a b s o r b ­
a n c e  a t  th e  s a m e  w av e  le n g th ,  374 m i l l im ic r o n s ,  th e n  th e  s ta n d a rd  
c u rv e  f o r  q u e r c e t in  co u ld  be u s e d  to  d e te rm in e  th e  c o n c e n tra t io n  of 
ag ly co n e  I B - I A .  T h e  a b s o rb a n c e  r e a d in g  of 0 .0 4 7  r e p r e s e n t s  a  c o n ­
c e n t r a t io n  of 35 m i c r o g r a m s  of q u e r c e t in .  T h is  35 m ic r o g r a m s  r e p r e ­
s e n t  1 /5  of the  to ta l  q u a n tity  o f ag ly co n e  o b ta in e d  f ro m  the  h y d r o ly s is .  
T h e r e f o r e ,  th e r e  m u s t  h a v e  b e e n  5 x  35 o r  175 m ic r o g r a m s  of ag ly co n e  
r e s u l t in g  f ro m  th e  h y d r o ly s i s .  T h is  c a n  n o t b e  c o n v e r te d  in to  m o le s  
u n le s s  th e  e x a c t  m o le c u la r  w e ig h t i s  know n. B u t i t  t e r m s  of q u e rc e t in ,  
th is  c a n  b e  show n to  be  0 .1 7 5  m g . / 3 . 02 x  10"5 m g . /m o l .  o r  5 . 8 x  10“^ 
m o le s  o f q u e r c e t in .
In  o r d e r  to  c o m p a re  th e  m o le s  of q u e rc e t in  to  th e  m o le s  of s u g a r ,  
th e  n u m b e r  of m o le s  o f s u g a r  a r e  c a lc u la te d .  T he re a d in g  of 0 ,0 2 7  fo r  
g lu c o se  r e p r e s e n t s  6 .4  m i c r o g r a m s  o f g lu c o se  p e r  m i l l i l i t e r  o r  32
34
FIGURE 11
EFFECTS OF SODIUM ACETATE ON ULTRAVIOLET 




 Glycoside Sodium Acetate0.7
0.6
0 .5





WAVE L E N G T H  I MJJ)
2702 40210
35
m ic r o g r a m s  fo r  th e  5 m l .  s a m p le .  S in ce  o n ly  0 .6  m l .  of th e  to t a l  1 .5  
m l .  w e re  s t r e a k e d ,  th is  32 m ic r o g r a m s  r e p r e s e n t  40% of th e  to ta l  
a m o u n t of g lu c o se  r e s u l t in g  f r o m  th e  h y d r o ly s is .  T h e  to ta l  q u a n tity  
w a s  th e n  80 m i c r o g r a m s .  T h e  n u m b e r  of m o le s  of g lu c o se  p ro d u c e d  
on  h y d ro ly s is  w e re  0 .0 8 0  m g .  / I .  8 x  10® m g .  /m o l  o r  4 .4 5  x  10"?  m o le s .  
T he  n u m b e r  of m o le s  of g a la c to s e  w e re  d e te rm in e d  b y  the  sa m e  m e th o d  
a s  th a t  d e s c r ib e d  f o r  g lu c o s e ,  an d  w a s  fo u n d  to  be  4 . 16 x  1 0"?  m o le s .  
T he  r a t i o  of g lu c o se  to  g a la c to s e  i s  a s  1 .0 6 :1 ,  an d  the  r a t io  of th e s e  
s u g a r s  to  q u e r c e t in  w ou ld  b e  g a la c to s e :q u e rc e t in :  1 :1 . 39 , an d  g lu c o se : 
q u e rc e tin : :  1 :1 , 30.
U l t r a v io le t  S p e c t r a  of I B - I A .  In  o r d e r  to  lo c a l iz e ,  if  n o t d e t e r ­
m in e  e x a c t ly ,  th e  p o s it io n  of a t ta c h m e n t of th e  s u g a r  to  th e  a g ly c o n e , 
a  b a th o c h ro m ic  sh if t s tu d y  w a s  c a r r i e d  o u t.  F iv e  m l .  of a q u e o u s  s o lu ­
t io n  of th e  g ly c o s id e  I B - I A  w e re  e v a p o ra te d  to  d r y n e s s ,  u n d e r  r e d u c e d  
p r e s s u r e .  T h e  so lid  r e m a in in g  w a s  f u r th e r  d r ie d  by p la c in g  a  c a lc iu m  
c h lo r id e  t r a p  b e tw e e n  th e  f l a s k  co n ta in in g  th e  so lid  and  th e  s u c tio n  
a s p i r a t o r .  W ith  th e  su c tio n  tu rn e d  on , th e  s o lid  w a s  a llo w e d  to  d ry  
o v e rn ig h t .  A  s m a l l  q u a n tity  of th e  g ly c o s id e  w a s  d is s o lv e d  b y  ad d in g  
a b s o lu te  e th y l a lc o h o l to  th e  f l a s k  an d  h e a tin g  i t .  A n  a b s o rp t io n  c u rv e  
of th e  g ly c o s id e  in  a b s o lu te  e th y l a lc o h o l w a s  ta k e n .  T h e  c u rv e  h ad  
a b s o rp t io n  m a x im a  a t  254 an d  355 m i l l i m ic r o n s . T h e  sa m p le  c e l l  and  
th e  b la n k  w e re  s a tu r a te d  w th  a iih y d ro u s  fu s e d  so d iu m  a c e ta te  and  th e  
c u rv e  w a s  d e te r m in e d  a g a in .  T h is  t im e  th e  m a x im a  w e re  265 an d  385
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m il l im ic r o n s  (f ig u re  11). A c c o rd in g  to  J u r d  (5 ,6 ) th e s e  sh if ts  a r e  
c h a r a c te r i s t i c  fo r  f la v o n o ls  hav in g  a  h y d ro x y l g ro u p  on the  #7 p o s it io n .
In  o r d e r  to  d e te rm in e  w h e th e r  o -d ih y d ro x y  w e re  p r e s e n t ,  2 m l .  of 
th e  g ly c o s id e  so lu tio n  w e re  ad d ed  to  2 m l .  of s a tu ra te d  b o r ic  a c id  
so lu tio n  in  a b s o lu te  e th y l a lc o h o l, an d  the  m ix tu re  w a s  d ilu te d  to  10 m l .  
w ith  a b so lu te  e th y l a lc o h o l.  A  sa m p le  of th is  so lu tio n  w as  s a tu r a te d  
w ith  a n h y d ro u s  fu s e d  so d iu m  a c e ta te  and  a llo w ed  to  s e t t le  fo r  20 
m in u te s .  T he a b s o rp tio n  c u rv e  w a s  d e te rm in e d ,  u s in g  a s  a  b la n k  a  
so d iu m  a c e ta te - b o r ic  a c id  s a tu r a te d  so lu tio n  in  a b so lu te  e th y l a lc o h o l.
T he c u rv e  w a s  c o m p a re d  w ith  the  o r ig in a l  c u rv e  ( f ig u re  12). In  th is  
c a s e  the  m a x im a  h ad  sh if te d  f ro m  254 to  264, and  f ro m  355 to  365 
m i l l im ic r o n s .  T h is  in d ic a te s  the  p r e s e n c e  of 0 -d ih y d ro x y  g ro u p s , bu t 
d o e s  no t show  how m a n y  o r  w h e re  th e y  a r e  lo c a te d .  T he g ly c o s id e  
c h e la te s  w ith  a lu m in u m  c h lo r id e ,  in d ic a tin g  th a t  th e  #5 p o s itio n  c o n ­
ta in s  a  h y d ro x y l goup .
F r o m  d a ta  o b ta in ed  up to  th is  p o in t,  i t  c a n  be s a id  th a t  th e  g ly c o s id e  
I B - I A  i s  p ro b a b ly  a  q u e r c e t in - l ik e  d ig ly c o s id e , c o n s is tin g  of a  q u e rc e tin -  
lik e  n u c le u s  and  the  s u g a r s ,  g lu c o se  a n d  g a la c to s e .
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FIGURE 12
EFFECTS OF SODIUM ACETATE-BORIC ACID ON ULTRAVIOLET 
ABSORPTION OF GLYCOSIDE IB -IA  IN ETHYL ALCOHOL
0.6
Untreated Glycoside
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SUM M ARY
T he e x is te n c e  of f la v o n o id  co m p o u n d s  in  c o t to n s e e d  w a s  n o t c o n ­
f i r m e d  u n ti l  P r a t t  an d  W e n d e r  (2 ,3 )  b e g a n  th e i r  c h ro m a to g ra p h ic  
in v e s t ig a t io n s  o f th e  p r o p e r t i e s  of c e r t a in  p ig m e n ts  of c o t to n s e e d .  
C o tto n se e d  h av e  now b e e n  show n to  be a  v e r y  im p o r ta n t  s o u rc e  of 
m a n y  f la v o n o id  g ly c o s id e s .  A ll th e  f la v o n o id s  i s o la te d  f r o m  th i s  s o u rc e  
have  b e e n  in  th e  f o r m  g ly c o s id e s .  T h e re  i s  no e v id e n c e  th a t  f r e e  
q u e r c e t in ,  k a e m p fe ro l ,  o r  o th e r  ag ly c o n e  e x i s t  in  the  s e e d  (e x c e p t a s  
g ly c o s id e s .)
D u rin g  th is  s tu d y  s ix  d i f f e r e n t  g ly c o s id e s  h a v e  b e e n  i s o la te d  and  
th e i r  p r o p e r t i e s  in v e s t ig a te d .  A ll th e  f la v o n o id s  i s o la te d  h a v e  b e e n  
f la v o n o l g ly c o s id e s .  T h e y  a r e  r u t in ,  i s o q u e r c i t r in ,  k a e m p f e r o I - 3 -  
rh a m n o s y lg lu c o s id e , q u e r c e t in - 3 - g lu c o s y lg lu c o s id e ,  a n d  th e  tw o 
g ly c o s id e s  d e s ig n a te d  I B - l A  and  IB  -IB .
U lt r a v io le t  a b s o r p t io n  s p e c t r a l  s h if ts  in  a b s o rp t io n  m a x im a ,  and  
p a p e r  c h ro m a to g ra p h y  w e r e  u s e d  to  e s ta b l i s h  th e  id e n t i ty  of th e  i s o l a t ­
ed  co m p o u n d s .
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